.
INTRODUCTION
The Yo-Yo intermittent recovery test level 1 (YYIR1) has been extensively studied in different populations and age groups [1] . Also, the YYIR1 has been described as a valid tool in adult professional [2] and non-elite youth soccer players [3] , in soccer referees [4] and in youth handball players [5] . In intermittent sports, such as soccer, where high-intensity activities are interspersed with periods of (active) recovery, the YYIR1 may assist as a valuable tool to measure an athlete's intermittent endurance capacity. Moreover, in recent literature, the YYIR1 has often been used in talent identification and development programmes in youth soccer populations [6, 7, 8] .
Measures of reliability are extremely important in sports sciences [9] . A coach needs to know whether an improvement (in intermittent endurance) is real or due to a large amount of measurement error. For example, Krustrup et al. [2] reported the good test-retest reliability of the YYIR1 (coefficient of variation (CV) of 4.9%) in 13 adult professional soccer players, whilst Thomas et al. [10] found a CV of 8.7% in 18 recreationally active adults.
Also, Castagna et. al [11] reported a CV of 3.8% for the YYIR1 in 18 elite youth soccer players (14.4 performance and physiological responses in high-level youth soccer players. Only all youth players who completed three YYIR1 in three consecutive weeks were retained in the analyses (n=36), against which a total of 40 players were excluded (drop-out rate of 53%).
MATERIALS AND METHODS

Participants and design.
As a consequence, 22 players, 10 players and 4 players were retained in age groups U15 (13.9 ± 0. 67.4 ± 5.5 kg), respectively.
The YYIR1 was conducted according to the guidelines described by Krustrup and colleagues [2] , each time on Tuesday (November 2013), and started around 6 pm (successively U15 > U17 > U19). All players were familiarized with the YYIR1 (players were part of the Ghent Youth Soccer Project follow-up study [12] and ran at least two YYIR1 before the start of the present study) and were asked to refrain from strenuous training exercise 48 h before each test session. All tests were conducted on the same outdoor location (artificial turf) in dry, windless weather conditions (temperature about 10°C in each test assessment), wearing soccer boots. Participants were given feedback on their performances after completing all three test sessions.
Heart rate (HR) was recorded every second during each test session with a heart rate monitoring system (Polar Team² System, Kempele, Finland). The start HR (HR at first beep), the submaximal HR (after level 14.8, circa 90% of maximal HR), the peak HR (highest heart rate recorded), and the recovery HRs after 30 seconds, and 1 and 2 minutes after completing the test were used for analyses. It was found that the heart rates at fixed points during the YYIR1 test (i.e., after 6 and 9 min) were inversely correlated with the YYIR1 performance [2] . However, this relationship was not established after 3 min, suggesting that the test should be longer than 3 minutes. Therefore, the submaximal heart rate after completing level 14 (i.e., after 14.8) was included in the present analyses. This submaximal version corresponds to a total time of exactly 6 minutes and 22 seconds. All heart rates, except for the peak HR (bpm), were expressed as percentage of peak HR.
Statistics
All analyses were performed separately for the three age groups.
First, the differences between test sessions were checked for outliers and 3 players were excluded from the analyses (differences were larger than 2 SDs). Test reliability was carried out using pairwise comparisons between the 3 test sessions. Absolute reliability was measured using the typical error (TE = SD diff / √2) and coefficient of variation (CV = (TE / grand mean) * 100), and relative reliability was investigated using intra-class correlations (ICC), and considered as excellent between 0.75 and 1.00, good between 0.41 and 0.74, and poor between 0.00 and 0.40 [13] . All reliability calculations (TE, CV and ICC) were accompanied with 90% confidence intervals (CI).
In addition, the ratio limits of agreement (LOA) (log transformed data) with Bland and Altman plots were examined to illustrate the differences in YYIR1 performances between test sessions for all age groups together [9] , [14] . SPSS for Windows (version 20.0) was used for all calculations. All data are presented as mean (SD) values.
RESULTS
The grand mean YYIR1 performances for the U15, U17 and U19 age groups were 2024 ± 470 m, 2404 ± 347 m, and 2475 ± 347 m, respectively ( 198 (6) 198 (7) 198 ( (11) 198 (9) 198 (8) 199 ( respectively [15] . Additionally, data concerning biological maturation (predicted years from peak height velocity via Mirwald et al. [16] )
were deliberately excluded, although available, for the reasons that
(1) the YYIR1 performance is relatively little influenced by the maturational status of the player [8] , and (2) the YYIR1 performances according to the players' biological maturation were not the focus of the present study. Moreover, the use of the maturity offset protocol is only justifiable in the U15 and U17 age groups and not in the U19 age group, as the age range within which the equation can be used confidently is 9.8 to 16.8 years [16] .
FIG. 1.
Bland and Altman plots with 95% LOA for the total sample (n=36) between (A) test sessions 1 and 2, (B) test sessions 2 and 3, and (C) test sessions 1 and 3. However, as today the YYIR1 is well established in talent identification and development programmes [6] , [7] , [8] , little information about the YYIR1 reliability is known in young high-level soccer players. However, Deprez et al. [3] reported in non-elite youth soccer players CVs of 17.3%, 16.7% and 7.9% in age groups U13, U15 and U17, respectively, which suggests that the YYIR1 test is more reliable in a high-level youth soccer population.
The small ratio LOA revealed that any two YYIR1 performances in one week will not differ by more than 9 to 28% due to measurement error across all age groups. The highest agreement was found between test 2 and 3 for the U17 age group (small bias: 0.97, and excellent agreement ratio: 1.09). The worst agreements were found between test sessions 1 and 2, and between test sessions 1 and 3
for the U15 age group (biases: 1.17 and 1.13, and agreement ratios:
1.24 and 1.28) which could indicate that the youngest players had the least experience with the YYIR1 or benefit/improve the most from the physical overload in the first test session during the last two sessions. Moreover, the bias between test moment 2 and 3 for the The HRs during the YYIR1 progressively increased and reached mean peak HRs of 201, 198 and 198 bpm for the U15, U17 and U19 age groups, respectively, which corresponds to the athlete's maximal HR on the condition that players were motivated to perform maximally [2] . Also, the submaximal HRs, expressed as percentage of peak HR, varied between 89.2 and 95.3%, and were inversely correlated with the mean YYIR1 distance (r = -0.64, -0.63 and -0.53 for the U15, U17 and U19 age groups, respectively). Together with the observations of Krustrup et al. [2] that the submaximal HRs during the season were lower than those measured during the preseason, it seems that the YYIR1 is appropriate to measure changes in physical fitness without using the test to maximal exhaustion.
Further, players' recovery HRs were very similar between all age groups and were approximately 94, 81 and 69% of peak HR, 30 seconds, 1 and 2 minutes after the end of the test, respectively.
The present recovery HRs are slightly higher than those reported by Krustrup and colleagues [2] , who found recovery HRs after 1 and 2 minutes of 79.1 and 64.7%, respectively. This improved recovery in professional adult soccer players could be attributed to higher and more soccer-specific training loads, leading to a better soccer-specific intermittent endurance capacity, resulting in a higher capacity to recover after intensive efforts [17] . 
CONCLUSIONS
In summary, the typical error, coefficients of variation, intra-class correlations and ratio limits of agreement were used to investigate test reliability of the YYIR1 test. The YYIR1 performance and all physiological responses have proven to be highly reliable in a sample of Belgian elite youth soccer players, aged between 13 and 18 years.
The demonstrated high level of intermittent endurance capacity in all age groups may be used as reference values in well-trained adolescent soccer players.
